The combining sites of type 1 fimbrial lectins of various species of enterobacteria were studied by measuring the inhibitory activity of linear (Table 1 , compound 3), the trisaccharide Mana(1--3)ManI3(1-4)GlcNAc (Table 1, compound 5), and the branched oligosaccharide 8 (Table 1) were the best inhibitors, being 21 to 72 times more active than methyl-a-D-mannoside (Table 1, compound 1). A somewhat similar pattern of inhibition was observed with K. pneumoniae. In contrast, the pattern of inhibition was markedly different with S. typhimurium, in particular since compounds 3 and 5 were poor inhibitors. The relative inhibitory activities of a limited number of sugars in reaction mixtures containing guinea pig erythrocytes were qualitatively similar to those obtained with yeast cells (2a). On the basis of these results, we have postulated that the combining sites of E. coli 346 and K. pneumoniae lectins are elongated ones, most probably corresponding to the size of a trisaccharide, and that they contain a hydrophobic region, whereas the sugar-binding site of S. typhimurium is considerably different and devoid of a hydrophobic region.
The combining sites of type 1 fimbrial lectins of various species of enterobacteria were studied by measuring the inhibitory activity of linear 1) . A somewhat similar pattern of inhibition was observed with K. pneumoniae. In contrast, the pattern of inhibition was markedly different with S. typhimurium, in particular since compounds 3 and 5 were poor inhibitors. The relative inhibitory activities of a limited number of sugars in reaction mixtures containing guinea pig erythrocytes were qualitatively similar to those obtained with yeast cells (2a) . On the basis of these results, we have postulated that the combining sites of E. coli 346 and K. pneumoniae lectins are elongated ones, most probably corresponding to the size of a trisaccharide, and that they contain a hydrophobic region, whereas the sugar-binding site of S. typhimurium is considerably different and devoid of a hydrophobic region.
This study deals with the sugar specificity patterns of the type 1 fimbrial lectins of enterobacteria of different genera and species.
The E. coli strains, K. pneumoniae, Enterobacter cloacae, and Enterobacter agglomerans used in this study were * Corresponding author.
isolated from patients with urinary tract infections. Salmonella paratyphi C is a fecal isolate; the other five species of Salmonella used were from the National Center of Enterobacteriaceae, Government Central Laboratories, Jerusalem, Israel. All bacterial strains were grown in nutrient broth (Difco Laboratories) as described earlier (2a) . The strains agglutinated yeast cells in a mannose-specific manner (3), and when examined under an electron microscope, they were found to be fimbriated. The rate of yeast cell aggregation by the bacteria, with or without inhibitory sugars, was monitored in a Payton aggregometer as described previously (2) . For each inhibitory sugar, the concentration causing 50% inhibition was ascertained, and the relative inhibitory activity in comparison with that of compound 1 was calculated (2) . Under standard conditions described elsewhere (2a), the yeast aggregation by the different bacteria was in the range of 5 to 20 U/min. The specific activity (e.g., the concentration of bacteria needed to give 1 unit of aggregation rate per min) was different among the various strains tested and among different cultures of the same strain. Despite these differences, the inhibitory potency of the different sugars relative to compound 1 remained in the same range (Firon et al., in press) .
The relative inhibitory activities of six mannose derivatives on the agglutinating activity of different strains of E. coli are presented in Table 2 . With all the strains tested, the a-linked aromatic glycosides 2 and 3, the trisaccharide 5, and the branched oligosaccharide 8 (Table 1) were strong inhibitors (21 to 72 times more potent than compound 1). The branched oligosaccharide 9 was a moderate inhibitor (4.7 to 6.0 times more effective than compound 1), whereas the Plinked aromatic glycoside 4 was only weakly inhibitory. The results show that these strains exhibit a similar sugar specificity, which is the same as that reported earlier for E. coli 346 (2, 3), and seem to suggest that other strains of E. coli possess similar combining sites. A different pattern of inhibition was observed with all six Salmonella strains examined (Table 2) ; the aromatic glycosides 2 and 3, as well as the trisaccharide 5, were weak inhibitors, less effective than compound 1, whereas the branched oligosaccharide 9 was a somewhat stronger inhibitor. Differences in the absolute amounts of compound 1, the reference sugar, needed to NOTES Manot(1-+3) Manc (13) cause 50% inhibition of yeast aggregation were observed glycoside 4 being a weak inhibitor. With E. cloacae, the with both the E. coli strains and salmonellae species tested most effective inhibitor was the branched oligosaccharide 9, ( Table 2 ). These include day-to-day variations, as well as which was 135 times more inhibitory than compound 1; the differences between species. Nevertheless, the relative intrisaccharide 5, the tetrasaccharide 6, and the pentasacchahibitory potencies of the mannose derivatives tested reride 7 were 20 to 34 times more effective than compound 1, mained in the same range.
whereas the aromatic glycoside 4 was 3 times more inhibiThe inhibitory potencies of the various mannose derivatory. These results suggest that the combining site of E. tives on K. pneumoniae and Enterobacter species are sumcloacae is extended, probably longer than a trisaccharide, marized in Table 2 . A specificity pattern close to that of E. and does not contain a hydrophobic region. E. agglomerans, coli was observed with K. pneumoniae, the trisaccharide 5 which formerly belonged to the genus Pectobacterium, and the branched oligosaccharide 8 being 8 and 18 times exhibited sugar specificity which differed from that of E. more effective than compound 1, and the 3-linked aromatic cloacae, with the aromatic glycosides 2 and 3, being strong inhibitors, 12 to 15 times more effective than compound 1, whereas the trisaccharide 5 and the aromatic glycoside 4 were only weakly inhibitory (Table 2) . We conclude that although classified under the general term mannose specific (or mannose sensitive), the fimbrial lectins of different genera and species exhibit differences in sugar specificities. Our data also show that, within a given genus, all strains tested exhibit the same sugar specificity, which may prove useful in recognizing different classes of enterobacterial type 1 fimbriae. This specificity pattern probably reflects the preservation of genes which code for the sugar combining sites on various genera of enterobacteria. In general, it appears that mannose-specific bacteria preferentially bind structures found in short oligomannose chains of N-glycosyl-linked glycoproteins. This observation strongly suggests that such structures serve as bacterial receptors on epithelial cells.
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